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MEMORANDUM FOR FILE 

I. INTRODUCTION 

F i lm from three d i f f e r e n t  magazines ,  exposed d u r i n g  
t h e  Apollo 8 red-b lue  c o l o r  exper iment ,  showed a l l  red  frames 
t o  be  s e v e r e l y  ou t  o f  f o c u s .  T h i s  phenomenon had n o t  been 
a n t i c i p a t e d .  However, a l l  frames were t a k e n  a f t e r  t r a n s - e a r t h  
i n j e c t i o n  w i t h  t h e  250 mm l e n s ,  i n s t e a d  of  t h e  80 mm l e n s  as 
p lanned .  Lens r e s o l u t i o n  measurements were c a r r i e d  o u t  a t  
MSC by t h e  a u t h o r  on t h e  Apollo 8 f l i g h t  hardware t o  c l a r i f y  
t h e  f o c u s  problem. 

11. RESOLUTION MEASUREMENTS 

Measurements were made i n  t h e  F l i g h t  C r e w  Suppor t  
camera f a c i l i t y  a t  MSC w i t h  t h e  a s s i s t a n c e  of  R.  Thompson. 
A G a e r t n e r  L360n o p t i c a l  bench and c o l l i m a t o r  and an A i r  Force  
r e s o l u t i o n  target  were used .  Using a c o l l i m a t o r  a l l o w s  r e s o l u -  
t i o n  tes ts  t o  be made a t  t h e  camera f o c u s  s e t t i n g ,  t h e  same 
used  d u r i n g  f l i g h t .  

Tests were conducted u s i n g  camera back and 80 mm 
l e n s  no.  1 0 2 0 ,  250 mm l e n s  no. 11, magazine G no.  123 and 
t y p e  3400 f i l m .  The tw in  f i l t e r  s l i d e  h o l d e r  (TFSH) no. 1 0 0 1 ,  
c a r r y i n g  t h e  s t a n d a r d  47B ( b l u e )  and 29  + 0 . 6 ~ ~  ( r e d )  f i l t e r s  
was used .  

F o c a l  l e n g t h  t e s t s  were a l s o  made by p l a c i n g  a 
microscope n e a r  t h e  image p l a n e  of t h e  camera. Assuming a 
nominal  f o c a l  l e n g t h  w i t h o u t  a f i l t e r ,  t h e  80 mm l e n s  f o c u s e s  
a t  80.02 mm i n  t h e  b l u e  and at  79.82 mm i n  t h e  red.  The 250 mm 
l e n s  f o c u s e s  a t  250.22 mm i n  t h e  b l u e  and 249.62 i n  t h e  red.  
The r ed  focus  was d i f f i c u l t  t o  l o c a t e  and was nowhere s h a r p .  
T h i s  f a c t  was borne  o u t  i n  t h e  r e s o l u t i o n  t e s t s .  

111. RESULTS 

Tab le  I l i s t s  t h e  r e s u l t s  o f  t h e  r e s o l u t i o n  t e s t s .  
S i n c e  a number of frames were overexposed ,  some v a l u e s  w i l l  
a p p e a r  low. Overexposure i s  deno-ted b y 2  + s i g n  a f t - p m  +I-.- I \  - -  .L. -1 _- - 
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FROM: A. F. H .  Goetz 

ABSTRACT 

Lens r e s o l u t i o n  t e s t s  were made t o  de t e rmine  

t h e  cause  o f  t h e  out-of-focus images found on Apollo 8 f i l m  

used  i n  t h e  red-b lue  f i l t e r  exper iment .  It was found t h a t  

t h e  250 mm l e n s  does n o t  focus  p r o p e r l y  i n  t h e  r e d .  It i s  

recommended t h a t  on ly  t h e  80 mm l e n s  be used  i n  any f u t u r e  

c o l o r  expe r imen t s .  
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v a l u e .  I n  t h e  c a s e  where b o t h  red  and b l u e  v a l u e s  were over -  
exposed,  t h e  same exposures  were used  i n  each  c a s e .  

TABLE I 

R e s o l u t i o n  l i n e s  /mm 
f o r  f i l t e r  

Focus f s t o p  none r ed  b l u e  l e n s  

I? m 4 . 0  80 57 57 

a, 5.6 ---- ---e I? 50+ 

Between 

1 / 4  f rom 00 

m and 50 f t .  2 .8  3 2+ 40 ---- 

1 / 2  between 2 .6  25+ 40 ---- 
and 50 f t .  

? ?  

11 50 r t .  2.8 ---- comple te ly  o u t  o f  f o c u s  

03 5.6 

1 / 2  between 5.6 
m and 200 f t .  

200 f t .  5.6 

150 f t .  5 .6  

IV. D I S C U S S I O N  

The s o u r c e  of 

5+ 40+ 

8+ 2 3+ 

9+ 8+ 

comple te ly  

.e reL,  out-of-focus 

250 mm 

11 

11 

o u t  o f  f o c u s  

mages i s  now 
q u i t e  a p p a r e n t .  
o b v i o u s l y  a poor  achromat showing a r e s o l u t i o n  of  on ly  5 to 

The 250 mm l e n s  used  aboard  A p o l l o  8 i s  
- 

p o s s i b l y  1 5  lines/mm a t  6330 i. 
l e n s  appears t o  b e  w e l l  s u i t e d  f o r  l u n a r  c o l o r  measurements,  
e x h i b i t i n g ,  a t  f / 4 ,  57 lines/mm r e s o l u t i o n  i n  b o t h  t h e  r ed  and 
b l u e  wavelength  r e g i o n s .  

On t h e  o t h e r  hand,  t h e  80 mm 
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I n  view of  t h e  good q u a l i t y  o f  t h e  80 mm l e n s ,  i t  
s h o u l d  be  used  e x c l u s i v e l y  for l u n a r  c o l o r  measurements.  
When p o s s i b l e ,  t h e  l e n s  should  be s t o p p e d  down t o  f / 4  i n s t e a d  
of f i 2 . 8 .  I f  t h e  250 mm lens i s  used  f o r  hi-gh r e s o l u t i o n ,  
b l ack  and  white  photography,  it i s  s u g g e s t e d  t h a t  a f i l t e r ,  
such  as a Wrat ten  #64, b e  used t o  b l o c k  l o n g  wavelength  ene rgy  
and s h a r p e n  t h e  image. 

2015-AFHG-kse A .  F. H .  Goetz 
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